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exercise. For example, the oxygen requirement for a race of
100 yards, which takes only a few seconds to run, is 6 liters or
more. Yet the quantity of oxygen which can be absorbed in
this time is less than i liter. Indeed,, a short race can be run
with the breath held. In other words, the sprinter goes into
debt for oxygen during the race, and pays up later. Thus
the oxygen consumption after the exercise period is much
higher than during an ordinary period of rest. The extra oxy-
gen is utilized in the removal of the lactic acid produced during
the exercise. The size of the oxygen debt for any piece of work
is determined by measuring the oxygen consumption of the
after-period of exercise, and subtracting from the result the fig-
ure for the oxygen consumption of a corresponding period of
rest. During very strenuous muscular effort the oxygen debt
may amount to 15 liters or more.
The ability of the muscles to contract, without receiving the
full oxygen requirement until the work has been completed,
has an obvious advantage. Short periods of strenuous exercise
can be undertaken which would otherwise be impossible, for
the respiratory and circulatory systems are quite unequal to the
task of furnishing, during the exercise, the great volume of oxy-
gen which is ultimately used in the recovery process. The
maximum quantity of oxygen that can be delivered |o and con-
sumed by the tissues of a large healthy man is not more than
about 2 liters per minute and, of most persons, considerably
less than this.
In light exercise no oxygen debt is incurred. The lactic acid
is removed as it is produced; in other words, the body, in so far
as oxygen consumption is concerned, " pays as it goes.'* Lactic-
acid production and its removal are nicely balanced; a " steady
state" is established. At this time a person engaged in an
athletic performance of some duration, such as running, row-
ing, etc., breathes with less effort. As the expression goes he
has got his " second wind."
The source of the energy for muscular work. We have seen
that the energy for the contraction of the isolated muscle is ulti-
mately derived from carbohydrate. Glycogen is broken down